Sodium and potassium movements in the isolated preparation of guinea-pig's taenia coli soaked in high KCl Krebs solution and LiCl Krebs solution were estimated.
INTRODUCTION

According
to the ionic theory, the rising phase of the action potential is associated to a large entry of sodium ions and the falling phase is caused by a delayed increase in potassium permeability. This theory is in good agreement with the experiments of measuring the movements of radioactive potassium and sodium ions during resting and active states in sepia giant axon1) and in frog skeletal muscle2). In smooth muscle, however, the corresponding progress was hindered by many difficulties, though several reports have been made on the ionic exchange between smooth muscle and its environment during its activity.
As is known, the smooth muscle is different in its membrane properties from those of skeletal muscle. Action potentials can be maintained in this tissue for 30 to 60 minutes when the sodium ions in the bathing solution are partially or com pletely replaced by another cations such as lithium, hydrazine, choline or tris hydroxy-methylamuiomethane3-6).
Furthermore, smooth muscle can be com pletely depolarized by high potassium without losing its contractility7). 
RESULTS
Movement of 42K in high potassium Krebs solution
The movement of tracer 42K under various degrees of membrane depolariza tion was estimated in order to find out the effect of depolarization on the potassium movement. The muscle cell membrane was depolarized stepwise by increasing the potassium concentration of the soaking Krebs solution from 3.4 to 170.0 mM. In the uptake experiments, all the values obtained are corrected for extracellular potassium assuming the extracellular space as 320 ml/kg wet weight8), for the higher potassium solution increases much the total tissue potassium content.
The results obtained are shown in Fig. 1 . The rate of uptake increased in proportion to the external potassium concentration. We have calculated the ratio of potassium content of the tissue determined directly by flamepho potassium which includes both extracellular and intracellular potassium. The extracellular potassium content could be determined by assuming that the extracellular space is constant regardless of the degree of membrane depolarization. The subtraction of extracellular potassium from total potassium content A (in Table I ) will give the intracellular potassium by various degrees of membrane depolarization. The results obtained showed that intracellular potassium is almost unaltered in spite of the increase in external potassium concentration, except the case where total NaCl was replaced with KCl.
The time course of loss of 42K in inactive Krebs solution containing high KCl is shown in Fig. 2 . When the external potassium concentration was between 3.4 and 10.2 mM, the time course of loss of 42K had nearly the same slope and did not differ from each other so much, having the half-times of 40 min and 35 min respectively. But when the external potassium concentrations were increased up to 34.0, 68.0 and 170.0 mM, the slope of loss of potassium became more and more steep, the half-times being 18 min, 13 min and 10 min, and the residual 42K after 120 min were 7.5%, 3.0% and 1.8% respectively, showing a large difference from 21.5% of that at 3.4 mM of external potassium. Movement of 24Na in LiG1 Krebs solution In 24Na uptake experiment in the presence of lithium ions, partial LiCl Krebs solution was used which contained 23.0 mM of sodium (including in part radioactive 24Na).
Movement of 42K in LiCl Krebs solution
The time course of uptake of 24Na in partial LiCl Krebs solution (Fig. 5 ) was essentially the same with that in normal Krebs solutions8), its half-time of increase was about 1 min, and a good equilibrium was obtained after 20 min. In equilibrium, sodium concentration of the taenia coli was 20.5 m-mole/kg w.w., and was in good agreement with the sodium concentration of the soaking LiCl solu tion. It seems likely that all the tissue sodium is freely exchangeable with 24Na in LiCl Krebs solution, and lithium ions do not inhibit this 24Na uptake, at Efflux of 42K by electrical stimulation
The change of efflux of 42K of taenia coli by application of electrical stimula tion (5 seconds duration, a.c. 50 cps) was estimated in parallel with the contractile responses both in high potassium Krebs and in LiCl Krebs solutions. The con tractile responses induced by electrical stimulation in these solutions are shown in Fig. 7 .
In these media, the electrical stimulation of 2 V/cm was not effective but both 5 V/cm and 10 V/cm produced correspondingly larger contrac tions. In LiCl Krebs solution, the contraction heights clearly decreased stepwise by the successive application of stimulations.
The 42K efflux experiment in normal Krebs solution revealed that it was increased by stimuli of 1 V/cm and 10 V/cm to 1.6 and 18.5 times the value of the resting state respectively (Fig. 8) . Such a marked increase by strong stimulus is possibly due to the mechanism which is not mediated by the contraction, since the contractions produced by electrical stimulations of 1 V/cm and 10 V/cm are approximately equal in height.
In K2SO4 Krebs and in LiCl Krebs solutions, both 1 V/cm and 10 V/cm sti muli caused an increase of 42K efflux. In K2SO4 Krebs solution, this increase was 1.2 by 1 V/cm and 4.8 by 10 V/cm stimulus, in LiCl Krebs, it was 1.4 by 1 V/cm and 4.8 by 10 V/cm stimulus. Since we did not perform the efflux experiments and tension recording simultaneously, it is uncertain whether contraction really had taken place by 1 V/cm stimulus or not. But considering from the tension recor ding (Fig. 7) , the contractions in these cases were none or, at least, much less than that in normal Krebs solution. So the increase of efflux in these solutions by 1 V/cm stimuli seems to have occurred without accompanying contraction. This might be another case of dissociation between the contraction and ionic movement suggested by Durbin & Jenkinson9) where the efflux of potassium and contraction heights was not proportionally decreased when the calcium concentration of the medium reduced gradually.
Efflux of 24Na by electrical stimulation Bromide ions are the most intimate homologue of chloride, and in frog skeletal muscle, bromide ions have but little effect upon the movements of sodium and potassium (Edwards et al.10)), though some slight difference was observed on the chloride movement (Harris11)). If the situation could hold for taenia coli, the chloride permeability seems much greater in this tissue than in skeletal12) and in cardiac muscle13). But there are some difficulties for evaluating them directly, as far as the questions remain unsolved, as to whether there exists a real difference between these two ions on the effects upon the membrane character or contractile system and/or on the diffusion activity into the tissue.
Unfortunately, we have but little information about these questions and the detailed study of these points and the direct measurement of 36Cl movement are necessary on this tissue.
DISCUSSION
The present experiment revealed that, in taenia coli, both uptake and loss of 42K had increased in accordance with the external potassium concentration without the substantial increase in intracellular potassium content. Thus the membrane depolarization by potassium seems to increase mainly the turnover rate of potassium without causing net movement of ions as far as the appropriate quantity of sodium ions is present in the soaking solution.
Our present experiments are based on the assumption that the extracellular space will not change in depolarized state, but some errors might be introduced by this assumption since the exact calculation of intracellular potassium concentra tion needs the exact value of extracellular space. But, in fact, the determination of extracellular space using the polysaccharides as the indicator (e. g. Inulin) gave the wide distribution of values of extracellular space even in a normal Krebs solution. The exact estimation of intracellular ionic concentration is first achieved when the determinations of the ionic contents and the extracellular space are performed at the same time on the same strip as performed by Burnstock et al. on frog stomach muscle 14).
It has been known that several types of smooth muscle develop contractions on exposure to acetylcholine or other smooth muscle stimulants even when depolarized by immersion in isotonic solution of KCl or K2SO47). It is interesting to measure the ionic movements by electrical stimulation in this depolarized state, since the contraction is said to occur without the mediation of membrane depolarization in this state15,16). Concerning the action of acetylcholine, Durbin et al.") observed the increase of both influx and efflux of potassium, chloride, bromide and in a less convincing manner also sodium and calcium by the application of stable analogue of acetylcholine (Carbachol), on the taenia coli which had been depolarized by 76 mM K2SO4.
The movement of sodium and potassium by electrical stimulation in normal Krebs-Ringer solution was extensively studied both in squid giant axon (Keynes1)) and in frog skeletal muscle (Hodgkin & Horowicz2) Axelsson4) found the dissociation of electrical and mechanical activity of taenia coli in LiCl solution, i.e. in this solution the action potentials could be maintained for longer period even after the contractile responses disappeared. He concluded that the dissociation is possibly the result of the reduction in potassium content of the tissue in this solution. If this were the case, the rapid decrease of contraction heights by electrical stimulation in LiCl solution (Fig. 7) could also be explained as the result of the rapid decrease of potassium by the application of successive electrical stimulations.
Keynes and Swan21) have shown that in frog skeletal muscle, although the passive spike mechanism does not discriminate between lithium and sodium, the pumping process does so and its activity is slowed. This might also hold for smooth muscle, for in the present experiment, the 24Na uptake in LiCl solution does not seem to be disturbed at all by the presence of lithium ions in the solution. Also the decrease of potassium content in LiCl solution could be explained by this assumption as the accumulated lithium ions inside the fiber might drive out the potassium ions from the same part.
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